Abstract
Introduction

52
Dental implant has become an efficient and predictable treatment for replacing missing 53 teeth. The number of implants placed in the United States has been steadily increasing 54 at 12% annually, with improvements in implant materials, designs, and surgical to-implant contact (BIC) and delayed new bone formation around the implant in 68 diabetic animal models, proving that hyperglycemia impairs osseointegration [11] . genes such as vascular endothelial growth factor (VEGF) and runt-related transcription 74 factor 2 (RUNX2), which are known to be associated with angiogenesis and 75 osteogenesis [15] [16] [17] . HIF-1α, which is well known to play a pivotal role in wound 76 healing, is stabilized against degradation and transactivates under hypoxia [15] .
77
A study carried out by Zou et 
Animal models
113
Thirteen 8-week-old male C57BL/6 mice (21 g) from Charles River (Orientbio,
114
Gapyeong-gun, Korea) and thirteen 8-week-old male C57BLKS/J-db/db mice (38 g,
115
Leptin-receptor deficient type 2 diabetes mice) from Charles River (Hinobreeding
116
Center, Tokyo, Japan) were used for the experiments. They were maintained in the blended at a 1:1 ratio just before the application of HIF-1α gel during surgery (Fig 1) .
139
Pure Matrigel® was used as a placebo gel. Matrigel® was stored in a liquid state at 140 temperature -72℃ in the freezer because it solidifies at 4℃. (Fig 2A) , the surgical site 154 being shaved ( Fig 2B) and disinfected with Betadine. An incision was made above both 155 knee joints and the anterior-distal aspect of the femur was accessed using medial 156 parapatellar arthrotomy (Fig 2C) . Implant sites were prepared on the anterior-distal 157 surface of the femur through sequential drilling with 0.5 mm, 0.9 mm round bur and 0.7 158 mm stainless steel twist drills with cooled sterile saline irrigation (Fig 2D) . To 159 effectively deliver HIF-1α to the implant site via local injection, gel phase materials 160 were prepared as described previously. HIF-1α gel was injected to the preparation site 161 and cancellous bone of the right femur, and placebo gel was injected to the same areas 162 for the left femur (Fig 2E) . When the gel hardened, pure titanium implants with a 163 machined surface (1 mm in diameter; 2 mm in length; Shinhung, Seoul, Korea) were 164 inserted into the undersized hole with mild pressure (Fig 2F) . The muscles and skin
165
were sutured independently to cover and stabilize the implant (Fig 2G and Fig 2H) .
166
Antibiotics were injected at fixed times daily for 3 days (Enrofloxacin 5mg/kg, twice a 8 167 day; Meloxicam, 1mg/kg, once a day) [23, 24] . Three C57BL/6 (21 g) and three 168 C57BLKS/J-db/db (38 g) mice were sacrificed 4 days after the surgery for RNA 169 sequencing, and ten mice from each strain were sacrificed two weeks after the surgery 170 for histologic and histomorphometric analysis. were designed and RNA sequencing was performed to identify DEGs.
189
RNA purity was determined by assaying 1 µl of total RNA extract on a 190 NanoDrop8000 spectrophotometer. Total RNA integrity was checked using an Agilent 
RNA sequencing and DEGs
268
The number of up-and down-regulated genes with a certain cutoff (2-fold; p-val < 269 0.05; FDR < 0.1) for all combinations are described in 
Histologic analysis
292
In the NH group, abundant and smooth-lined mature bone formation was observed
293
( Fig 3A and 3B ). Mature and smooth-lined bone was also observed in the NP group, but 294 in a lesser amount than in the NH group (Fig 3C and 3D) . In contrast, most of the 295 implant surface in the DP group showed soft tissue attachment and abundant adipose 296 tissue in surrounding areas (Fig 3E and 3F) . Moreover, bone formation was irregular. In GPNMB in the DP group (Fig 3G and 3H ). In addition, there was a tendency toward increased 300 bone formation at the HIF-1α application site around implants. Bone marrow was filled 301 with adipose tissue in areas distant from the application site. that of placebo groups in both normal and diabetic mice. There was no significant BIC 317 difference between the NP and DH groups (Fig 4A) . Among diabetic mice, the DH 318 group showed significantly greater BV than the DP group while the groups of normal 319 mice did not show any significant differences in BV. Only the DP group showed 320 significantly low BV among the four groups (Fig 4B) . 
